Ethnocentrism is a nearly universal syndrome of attitudes and behaviors, typically including in-group favoritism. Empirical evidence suggests that a predisposition to favor in-groups can be easily triggered by even arbitrary group distinctions and that preferential cooperation within groups occurs even when it is individually costly. The authors study the emergence and robustness of ethnocentric behaviors of in-group favoritism, using an agent-based evolutionary model. They show that such behaviors can become widespread under a broad range of conditions and can support very high levels of cooperation, even in onemove prisoner's dilemma games. When cooperation is especially costly to individuals, the authors show how ethnocentrism itself can be necessary to sustain cooperation.
1979; Chirot and Seligman 2001) , instability of democratic institutions (Rabushka and Shepsle 1972) , and war (van der Dennen 1995) but also in consumer choice (Klein and Ettenson 1999) and voting (Kinder 1998) . Although ethnocentrism is sometimes used to refer to a wide range of discriminatory behaviors, we will focus on ethnocentric behavior defined as in-group favoritism. This definition is consistent with research in anthropology and psychology that differentiates, both empirically and causally, between in-group favoritism ("ethnocentrism") and out-group hostility ("xenophobia") (Ray and Lovejoy 1986; Struch and Schwartz 1989; Cashdan 2001; Hewstone, Rubin, and Willis 2002; Brown 2004) .
Ethnocentrism is generally thought to involve substantial cognitive ability in individuals (Sumner 1906; Simmel 1955; Sherif and Sherif 1956; Sherif 1966; LeVine and Campbell 1972; Hewstone, Rubin, and Willis 2002) and to be based on complex social and cultural inputs. While such factors certainly play a role in much ethnocentric behavior, extensive empirical evidence from psychology suggests the prevalence of a strong individual predisposition toward bias in favor of in-groups, which can be observed even when cognition is minimal and social input very abstract. Laboratory results, for example, suggest that behaviors of in-group favoritism can be easily triggered by even the most trivial and arbitrary group definitions (Tajfel 1970; Tajfel et al. 1971) . Behaviors favoring in-groups are also found to be widespread even when they are individually costly and even in the absence of opportunities for reciprocity or direct self-interested gain (Ferguson and Kelley 1964; Kramer and Brewer 1984; Brewer and Kramer 1986) . Studies in cognitive psychology find that categorization and discrimination based on group boundaries is often rapid and even preconscious (Dovidio and Gaertner 1993; Lamont and Molnar 2002) .
In this article, we explore the emergence and robustness of a behavioral tendency toward in-group favoritism among individuals with minimal cognitive ability and bounded rationality. Since this well-documented predisposition requires little cognition and transcends any specific social context, an evolutionary model focused on the fundamental dynamics of in-group favoritism can be useful. Our model is abstract and is not intended as a realistic portrayal of specific social behaviors, and the evolutionary framework we use is an approach that has proven useful for studying adaptation in general (Boyd and Richerson 1985; Axelrod 1986; Nowak and Sigmund 1998; Riolo, Cohen, and Axelrod 2001) . Recent evidence also suggests that an evolutionary approach may be appropriate as more than a modeling convenience. In political science, current research suggests that a number of political beliefs and behaviors may be influenced by heritable tendencies that are selected for evolution (Alford, Funk, and Hibbing 2005) . The existence of broad and potentially heritable universals of the human mind has long been accepted in the study of psychology, and in anthropology as well there is increasing focus on universals of human thinking that result from evolution and are believed to leave the human mind "prepared to think" in a particular fashion and "predisposed" to react in certain ways (Brown 2004; Wrangham 2004) . In-group bias (of the type we are studying here) is often included in the list of observed innate universal predispositions, and some anthropologists argue that nationalisms and racisms observed today are likely "hypertrophies of an ethnocentrism that for many millennia played itself out on a much smaller scale" (Brown 2004) .
To isolate fundamentals of in-group favoritism, we want an evolutionary model of cooperation and competition that is as simple as possible. 1 Fortunately, we can use a model that we previously developed to study the evolution of altruism in biological settings (Hammond and Axelrod 2006) . Instead of interpreting similarity of individuals as based on considerations observable even by microorganisms, such as cell surface structure or pheromones, we interpret similarity here as being based on observable characteristics that people may find socially relevant (such as skin color or language).
It is important to note that the evolution of a predisposition to favor in-groups is not necessarily predictive of observed behavior-such predispositions can be trumped by more complex reasoning (Kurzban, Tooby, and Cosmides 2001) . In addition, what counts as membership in an in-group is continually shaped by culture. Our model does not explore which traits (i.e., attributes) are mobilized to assess in-group membership. Instead, we employ a single, abstract trait to study the emergence of in-group bias in its simplest form. We define group membership as the possession of a specific "color" of this single observable, heritable trait (or "tag"). Those individuals in the model who share one's color are one's "in-group."
We show that ethnocentric behavior can emerge from our model of local competition between individuals, without any explicit difference between the evolutionary process for dealing with members of one's own group and the evolutionary process for dealing with members of other groups. The dominance of ethnocentrism is surprisingly robust to a wide range of changes in the parameters and structure of the model. We also show that ethnocentrism can support contingent cooperation in the form of in-group favoritism without requiring mechanisms such as reciprocity (Axelrod and Hamilton 1981) , reputation (Nowak and Sigmund 1998) , conformity (Boyd and Richerson 1985; Simon 1990) , or leadership (Roosens 1989 ). The model we use is distinctive among models of in-group behavior in treating discrimination as just one of a range of possible outcomes and in requiring only minimal cognitive ability in individuals. In this way, we are able to study how and why a predisposition toward in-groups may have evolved. Because the model requires individual heterogeneity (of traits), as well as contingent behaviors that coevolve with the traits on which they are based, the model is not mathematically tractable. Therefore, we use an agent-based simulation technique, detailed below.
THE MODEL
In our model, we will operationalize in-group favoritism as preferential cooperation with in-groups and noncooperation with out-groups. To make cooperation individually costly, we use a prisoner's dilemma framework. To remove any opportunity for direct reciprocity, we use a one-move prisoner's dilemma rather than the iterated variant. To incorporate important aspects of territoriality, we make both interaction and the propagation of strategies strictly local in a two-dimensional space. Finally, to introduce group differences and allow discrimination based on them, we give each agent three traits. The first trait is a tag that specifies its group membership as one of four predefined colors. The second and third traits specify the agent's strategy. The second trait specifies whether the agent cooperates or defects when meeting someone of its own color. The third trait specifies whether the agent cooperates or defects when meeting an agent of a different color. In our interpretation, the "ethnocentric" strategy of in-group favoritism is simply cooperation with an agent of one's own color and defection with others. Thus, the ethnocentric strategy is only one of the four possible strategies. Since the tags and strategies are not linked (and only tags are observable), the model allows for the possibility of "cheaters" who free ride on the donations of same-color ethnocentrics while themselves providing help to no one at all.
The simulation begins with an empty space of 50 × 50 sites. The space is toroidal, meaning that it has wraparound borders so that every site has exactly four neighboring sites. Each time period consists of four stages: immigration, interaction, reproduction, and death.
1. An immigrant with random traits enters at a random empty site. 2. Each agent has its potential to reproduce (PTR) set to 12 percent. Each pair of neighbors then interacts in a one-move prisoner's dilemma in which each chooses (independently) whether to help the other. Giving help has a cost-namely, a decrease in the agent's PTR by 1 percent. Receiving help has a benefit-namely, an increase in the agent's PTR by 3 percent. 3. Each agent is chosen in a random order and given a chance to reproduce with probability equal to its PTR. Reproduction consists of creating an offspring in an adjacent empty site, if there is one. 2 An offspring receives the traits of its parent, with a mutation rate of 0.5 percent per trait. 4. Each agent has a 10 percent chance of dying, making room for future offspring.
For a more formal statement of the model, see the appendix.
RESULTS
The main result of the simulation is that the ethnocentric strategy becomes common even though, unlike previous models, 3 favoritism toward similar others is not built into the model. In the final 100 periods of ten 2,000-period runs, 76 percent of the agents have the ethnocentric strategy, compared to 25 percent if selection had been neutral (Table 1 , row a). This result shows that in-group favoritism based on simple tags and local interactions can overcome egoism and dominate a population even in the absence of reciprocity and reputation and even when "cheaters" need to be suppressed. Not only is ethnocentrism the dominant strategy, but cooperation (donation) is also the dominant behavioral choice: fully 74 percent of interactions are cooperative (Table 1 , row a). Cooperation is common because the dominance of ethnocentric strategies is combined with a tendency for neighbors to have the same tag.
The emergence and dominance of the ethnocentric strategy is not a "knife-edge" phenomenon. In fact, its dominance is robust under a wide range of parameters and variations in the model. When any of the following parameters are either halved or doubled, at least two-thirds of strategies are ethnocentric: cost of helping, lattice width, number of groups, immigration rate, mutation rate, and duration of the run (see the sensitivity analysis in Table 1 ). The ethnocentric strategy becomes just as dominant even when the simulation starts with a full lattice consisting only of egoists, and no immigration is allowed. Another check for robustness is a variant of the model in which an agent can distinguish all four colors, rather than just distinguishing between its own color and all other colors. Again, the results are very similar, with 80 percent ethnocentric strategies. Surprisingly, the results are also not very sensitive to the possibility that an agent will occasionally misperceive whether the (b, a, c) , the less ethnocentrism because cooperating with same-color "cheaters" bears an increasing penalty. The more colors (d, a, e), the more ethnocentrism because tags become increasingly accurate indicators of relatedness, and this makes discrimination more effective. The more "randomness" via immigration and mutation (f, a, g, and h, a, i), the less ethnocentrism because tags become less accurate indicators of relatedness, which makes discrimination less effective.
other agent in the interaction has the same color. Even when agents make this mistake 10 percent of the time, the population evolves to be more than two-thirds ethnocentric. This resistance of in-group favoritism to noise is quite a contrast to studies of reciprocity in the iterated prisoner's dilemma. The tit-for-tat strategy, for example, requires the addition of generosity or contrition to be effective in the face of even rare misperceptions (Molander 1985; Wu and Axelrod 1995) .
Examining the dynamics of the model reveals how the ethnocentric strategy becomes so common and how "cheaters" are suppressed by ethnocentrics of a different color. In the early periods of a run, the scattered immigrants create regions of similar agents (Figure 1a ). Colonies of those willing to cooperate with their own color will tend to grow faster, but over time, they face free riding by egoists who arise by mutation. Egoists who free ride cannot be suppressed by ethnocentrics of the same color and therefore tend to erode cooperative regions. Once the space is nearly full, another dynamic is added as regions with different attributes expand until they are adjacent to each other. These dynamics can be analyzed in terms of regions of contiguous agents having the same color and strategy (Figure 1b) . The most important aspect of regional dynamics is that an ethnocentric region will tend to expand at the expense of a region of a different color using any one of the other three strategies (Figure 2 ). In this way, free riding is controlled-egoists of any one color are suppressed by ethnocentric agents of different colors. A remarkable result is that the ability to discriminate between the in-group and the out-groups can actually promote cooperation. As long as agents can distinguish their own color from other colors, even doubling the cost of cooperation sustains a cooperation level of 56 percent. However, when agents are unable to distinguish their own color from others, cooperation in the doubled-cost case falls to 14 percent. Therefore, as the cost of giving help increases, the ability to distinguish between ingroup and out-group members can be essential for the maintenance of cooperation in "austere" environments. In fact, the ability to distinguish between groups can be regarded as a basis for social capital within a group (Coleman 1990; Putnam 2000) .
CONCLUSIONS
Our results show that in-group favoritism can be an undemanding yet powerful mechanism for supporting high levels of individually costly cooperation with only minimal cognitive requirements and in the absence of other, more complex mechanisms. 4 This finding helps to explain how the observed predisposition toward 4. The established mechanisms to support cooperation include (1) central authority, typically a state or empire (Hobbes [1651 (Hobbes [ ] 1992 Tilly 1992) ; (2) inclusive fitness based on kinship (Hamilton 1964; Dawkins 1989) ; (3) barter and markets (Smith [1776 (Smith [ ] 1994 Samuelson 1947 ); (4) principal-agent mechanisms, including employment (Spence and Zeckhauser 1971) ; (5) reciprocity based on continuing interaction (Trivers 1971; Axelrod 1984) ; (6) decentralized enforcement, including norms (Axelrod 1986; Hechter and Opp 2001) , informal institutions (Ostrom 1998) , trust (Hardin 2002) , and the more inclusive mechanism of social capital (Coleman 1990; Putnam 2000) ; (7) group selection (Sober and Wilson 1998) ; (8) docility (Simon 1990); and (9) reputation (Nowak and Sigmund 1998) . For theoretically based classifications, see Lichbach (1996) and Lehmann and Keller (forthcoming) .
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Figure 2: An Ethnocentric Region Dominates a Region of Egoists of a Different Color
NOTE: This schematic diagram represents what can happen at the boundary of a region of red ethnocentric agents (on the left) and a region of blue egoists who cooperate with no one (on the right). When a red ethnocentric agent interacts with a blue egoist, neither cooperates so neither does well, as signified by the thin line between them. When this red ethnocentric agent interacts with its red ethnocentric neighbors, both cooperate and both do well, as signified by the thick lines between them. The blue egoist does not do as well when it interacts with blue egoists from its own region because egoists do not cooperate with each other. Overall, then, the red ethnocentric does better than the neighboring blue egoist does, by receiving "help from behind" from its own region. Since doing better translates into a greater potential to reproduce, the red ethnocentric region will tend to grow at the expense of the blue egoist region. More generally, an ethnocentric region of any color will tend to expand at the expense of adjacent regions of egoists of a different color. Thus, "cheaters" of a given color are suppressed by the ethnocentrics of the other colors.
in-group favoritism might have evolved and why such a predisposition might be easily triggered in situations where other social mechanisms for cooperation (institutions, reciprocity, etc.) are absent. Such a mechanism may have been derived from kin recognition systems or may have arisen separately. The model presented here does not study the process by which specific traits become salient in defining group distinctions, although the emergence of a predisposition to favor in-groups helps to explain why manipulating such differences is often a powerful political strategy (as demonstrated in the early 1990s by Slobodan Milosevic). We assume here that distinctions between groups are based on a single abstract trait, with only four available types. Future work might take account of the fact that group distinctions are socially constructed. Indeed, broadening the boundaries of what is perceived as the in-group represents one important policy approach to reducing ethnocentric behaviors. Our results also suggest several other policy implications worth further study. We have demonstrated that ethnocentrism can be an effective mechanism for supporting cooperation in the absence of such conditions as continuing interactions, well-developed institutions, and strong social norms. These conditions do often exist in society and may help to lower reliance on in-group favoritism to generate cooperation. Similarly, we show that the ability to discriminate based on group membership is especially helpful to cooperation in our model in more austere environments (e.g., when the individual cost of cooperation is high). Reducing the costs of cooperation (or increasing its benefits) might therefore reduce the value added of discriminatory behaviors. Finally, our model speaks to Putnam's (2000) concepts of "bonding" and "bridging" capital, by demonstrating how easily ethnocentrism creates "bonding" social capital within groups. Efforts to reduce discrimination might focus on how to create opportunities for creating "bridging" social capital between groups as well.
APPENDIX Model Implementation
Initialization:
• Create empty torus of size LatticeSize × LatticeSize (default 50 × 50) [Von Neumann geometry] • Initialize parameters:
Cost (of giving help) = 0.01 Benefit (of receiving help) = 0.03 BasePTR = 0.12 MutationRate = 0.05 DeathRate = 0.10 ImmigrationRate = 1 RunLength = 2000 LatticeSize = 50
• Set Time = 1
In each time step, follow the process shown in Figure A1 .
To download the JAVA source code used to generate the data in this article, see http://umich.edu/~axe/Shared_Files/Axelrod.Hammond/index.htm. An independent validated replication of this model is available in NetLogo. To run the NetLogo version and see its source code, see http://ccl.northwestern.edu/netlogo/models/Ethnocentrism.
